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INTERACTION OF REFRACTORY COMPOUNDS WITH MOLTEN METALS * L O  

The in t e rac t ion  of re f rac tory  compounds such as carbides,  

borides ,  n i t r i d e s ,  and s i l i c i d e s  i n  contac t  with molten 

metals (Cu, Mg, Fe, Coy N i ,  S i ,  Cd, Z r ,  e t c . )  i s  discus- 

sed and tabula ted  f o r  fou r  groups, c l a s s i f i e d  by degree 

of i n t e rac t ion .  T i N ,  Z r N ,  BN, and Z r b  showed no i n t e r c  

ac t ion ,  making them s u i t a b l e  f o r  prolonged contact.  /q&ezdL, 
1- 

The improvement, supervision and automation of many processes i n  metal- 

lu rgg ,  chemical engineering, e l e c t r i c  power and o t h e r  i ndus t r i e s  requi re  fire- 

r e s i s t a n t  mater ia l s  t h a t  a l s o  withstand t h e  ac t ion  of molten metals a t  high 

temperatures. 

f r a c t o r i e s  are such t h a t  i n  many cases they cannot meet t h e  requirements of t h e  

The physicochemical and thermodynamic p rope r t i e s  of oxide re- 

new technology. 

Refractory compounds - carbides,  borides, n i t r i d e s ,  and s i l i c i d e s  of cer- 

t a i n  t r a n s i t i o n  metals and compounds of combinations of ni t rogen,  carbon, s i l i -  

con and boron - are promising re f rac tory  mater ia ls .  

The melt ing points of such mater ia ls  general ly  a r e  above 2OOO-3OOC? C,  and 

they  are chemically highly r e s i s t a n t  t o  acids ,  alkalies, and fused sal ts  (Bib1.1). 

However, t h e  res i s tance  of re f rac tory  compounds i n  contact with molten 

metals  has been l i t t l e  studied. The ava i lab le  da ta  i n d i c a t e  t h a t  many carbides,  

-x- I n s t i t u t e  of Cermets and Special  Alloys, Academy of Sciences Ukrainian SSR. 

wt Numbers i n  t h e  margin i nd ica t e  pagination i n  t h e  o r i g i n a l  foreign text. 
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borides,  n i t r  

metals. 

des, and s i l i c i d e s  r e s i s t  t h e  ac t ion  of chemically a c t i v e  molten 

Various au thors  occasionally repor t  d i f f e r e n t  r e s u l t s  f o r  ma te r i a l s  of t h e  

same type, s ince  t h e  experiments were run under d i f f e r e n t  thermodynamic condi- 

t i o n s  on materials of varying chemical pu r i ty ,  etc.  

The I n s t i t u t e  of Cermets and Special  Alloys, Academy of Sciences Ukrainian 

SSR, has s tud ied  t h e  in t e rac t ion  of t h e  carbides and borides of t i tanium, zirco- 

nium, chromium, molybdenum, and tungsten, as wel l  as t h e  n i t r i d e s  of titanium, 

zirconium, boron, and s i l i c o n ,  and t h e  d i s i l i c i d e  of molybdenum (whose chemical 

composition i s  given i n  Table 1)with molten copper, magnesium, zinc,  cadmium, 

aluminum, s i l i c o n ,  titanium, zirconium, t i n ,  l ead ,  vanadium, bismuth, chromium, 

manganese, i r o n ,  cobalt  and n i cke l  a l l  of which were above 99% pure. 

The r e f r ac to ry  compounds were contacted with t h e  molten metals by melting 

t h e  metal i n  a c ruc ib l e  made of t h e  t e s t  mater ia l ,  i n  a vacuum furnace under a 

r e s i d u a l  pressure  of 10-2mm Hg o r  i n  a p ro tec t ive  atmosphere. The c ruc ib l e s  /21 
were made from t h e  powdered r e f r ac to ry  compound by hot-pressing, o r  by press ing  

blanks followed by oxidation. Table 2 shows t h e  results. 

To f ind  t h e  r e l a t i v e  a c t i v i t y  of t h e  i n t e r a c t i o n  between t h e  contacted 

p a i r s  of materials, t h e  molten metal, a t  i t s  fusion poin t ,  was kept 5 m i n  i n  

t h e  c ruc ib l e  (Cd, Zn, Sn, Pb, B i ,  and A 1  were heated above t h e  melting po in t ,  

t o  4 O # C ) ,  and then cooled within 20-30 min t o  room temperature. Polished sec- 

t i o n s  f o r  metallographic study were then prepared f r o m  t h e  button of metal  ( a l -  

l o y )  and f r o m  t h e  c ruc ib le  w a l l s .  

I f  b r i e f  contact f a i l e d  t o  give a d i s t i n c t  i n t e r a c t i o n ,  t h e  molten metals 

were kept i n  t h e  c ruc ib les  f o r  1, 2, 5, 10, 40, 80 o r  100 h r s ,  o r  longer  under 

l abora to ry  conditions and, i n  some cases, under i n d u s t r i a l  conditions. 
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TABLE 1 

CHENICAL COMPOSITION OF REFRACTORY COIPOUNDS S T U D I E D  I N  CONTACT 
WITH M0LTE;N METALS 

bfr 

80.88 
88-20 

93.90 
93.80 
68.80 
79.95 
68.92 
86.90 
88.00 

86.68 

62-51 

e5.80 

78.1-82.0 

- - 

Cantent 

0.22 
0.69 
0.06 
0. IO 
0.10 
0.30' 
0.20. 
0.20. - - - - - - - 

W t .  x 
B 

- - - - - 
30.2 
19. I 
28.55 
11.7 
12.9 

42.88 

- - 
- - 

N 

Total carbon content 

After prolonged contact,  t h e  specimens of r e f r ac to ry  compounds and metals 

were subjec ted  t o  chemical, s p e c t r a l ,  and X-ray ana lys i s  t o  determine t h e i r  

content of elements f r o m  t h e  contact material .  

Metallographic s t r u c t u r a l  s tud ies  were a l s o  run on a l l  specimens, toge ther  

w i t h  determinations of t h e  phase composition and t h e  microhardness of t h e  

phases. 

t h e  i n t e r a c t i o n  between t h e  contact materials were subs tan t ia ted  from t h e  vari- 

a t i o n  i n  phase composition, t h e  depth of pene t r a t ion  of t h e  new phases, t h e  

s t r u c t u r e  of t h e  crucible-wall mater ia l  o r  metal-button mater ia l ,  t h e  p r i n c i p a l  

d i r ec t ion  of migration of t h e  i n t e r a c t i n g  masses, and from t h e  microhardness of 

t h e  phases c o n s t i t u t i n g  t h e  s t ruc tu re ,  giving due consideration t o  t h e  thermo- 

dynamic cha rac t e r i s t i c s .  

The phases were determined and t h e  conclusions as t o  t h e  charac te r  of 

The changes i n  s t a t e  of  t h e  mater ia l s  as a r e s u l t  of t h e i r  i n t e r a c t i o n  
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were evaluated on a five-point sca le .  

quan t i t a t ive  and q u a l i t a t i v e  ind ices  obtained by ana lys i s  of t he  MeX-Me speci- 

mens a f t e r  t h e i r  contact. 

The degree of change was based on t h e  

In  determining t h e  degree of  a c t i v i t y  of t h e  i n t e r a c t i o n  we considered t h e  

duration of contact ,  t he  degree of superheat of t h e  molten metal [expressed by 

t h e  r a t i o  of t h e  temperature differences (bo i l ing  poin t  - melting po in t )  t o  (ex- 

perimental  temperature - melting point)] ,  and t h e  concentration of t h e  elements 

of t h e  r e f r ac to ry  compound i n  t h e  molten metal o r  i n  t h e  metal being smelted 

(new phase with this p a r t i c u l a r  metal as base) i n  t h e  s t r u c t u r e  of t h e  refracto-  

r y  compounds a f t e r  t h e i r  contact.  

The p a i r s  of ma te r i a l s  s tudied can be c l a s s i f i e d  i n t o  four  groups by /23 
a c t i v i t y  of i n t e rac t ion ,  on t h e  bas i s  of t h e  experimental r e su l t s .  

showing no s ign of i n t e r a c t i o n  i s  character ized by poin t  1 on the  s c a l e  of a c t i -  

v i t y  and can be recommended f o r  d i rec t  use i n  cases of pro t rac ted  contact.  

The group 

The group of ma te r i a l s  w i t h  point  2 on t h e  sca l e  of  a c t i v i t y  may be used 

f o r  b r i e f  contacts  where t h e  p u r i t y  of  t h e  metal need no t  be very high af ter  

melting. 

t h e  incorporat ion of addi t ives ,  and espec ia l ly  by preparing cermets with com- 

pounds of t h i s  group as base. 

The i n t e r a c t i o n  a c t i v i t y  of mater ia l s  of this group may be lowered by 

Examples a r e  an a l l o y  of t i tanium carbide with 20;% cobal t  r e s i s t a n t  t o  

aluminum bronze (Bibl.2), bo ro l i t e s  (Bibl.3), a l l oys  of boron with graphi te  

(B ib lo&) ,  a l loys  of s i l i c o n  carbide w i t h  s i l i c o n  n i t r i d e ,  and a number of 

o the r s .  

The use of r e f r ac to ry  compounds w i t h  po in t  4 o r  5 on t h e  s c a l e  i n  t h e  

formulation of cermets r e s i s t a n t  t o  contact  w i t h  these  metals i s  more compli- 

cated o r  a l toge the r  impossible. Pairs of t hese  mater ia l s  i n  themselves may 
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obviously be used as bases f o r  cermets resist'ant't6 o the r  molten metals. 
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